The aim of this study was to evaluate the chemopreventive potential of purple carrot extract following rat tongue carcinogenesis induced by 4-nitroquinoline 1-oxide (4NQO). For this purpose, histopathological analysis, proliferative status, antioxidant activity and inflammatory status were investigated in this setting. A total of 20 male rats were distributed into four groups as follows (n = 5 per group): Group 1-free access to water and commercial diet for 12 weeks; Group 2-received 4NQO at 50 ppm dose in drinking water daily and commercial diet for 12 weeks; Group 3-free access to water and received diet supplemented with purple carrot extract (0.1 g/kg) for 12 weeks; and Group 4-received 4NQO at 50 ppm dose in drinking water daily and diet supplemented with purple carrot extract (0.1 g/kg) for 12 weeks. Histopathological analysis revealed that animals treated with purple carrot extract reduced the oral lesions such as dysplasia and squamous cell carcinoma. Animals with oral pre-neoplastic lesions and treated with purple carrot extract decreased ki-67 and 8-OHdG immunoexpression. Moreover, pNFκBp50 and MyD88 protein expressions were decreased after purple carrot treatment associated or not with 4NQO exposure. SOD-Mn mRNA levels increased with treatment with purple carrot extract as well. In conclusion, our results demonstrated that purple carrot extract was able to protect oral lesions induced by 4NQO in Wistar rats as a result of antioxidant activity, anti-inflammatory potential and antiproliferative and antimutagenic actions.
Introduction
Head and neck squamous cell carcinoma is ranked the fifth most diagnosed type of cancer. It affects around 600,000 patients per year worldwide being characterized by phenotypic, etiological, biological and clinical heterogeneity [1] [2] [3] . Oral cancer is multifactorial disease closely related to lifestyle such as tabagism and high consumption of alcoholic beverages, nutritional deficiencies and chronic environmental pollutants exposure [4, 5] . Administration of 4-nitroquinoline 1-oxide (4NQO) in drinking water has been reported as a suitable model for studying oral carcinogenesis process phase by phase because the chemical agent induces a whole spectrum of neoplastic lesions in the rat tongue mucosa [6] . Herein, several chemopreventive agents, both naturally occurring and synthetic compounds, have been studied against 4NQO-induced oral carcinogenesis model [7] .
Gollücke et al. [8] reviewed the recent studies dealing with the use of polyphenols against carcinogenesis. Purple carrots (Daucus carota) contain high amounts of anthocyanins in their flesh taproots [9] . It is commonly used as a natural food colorant in candies, ice cream and beverages. To date, purple carrot has been used as a natural dye in the food industry, replacing artificial ones [10] . Besides the use as a natural additive, the consumption of purple carrots has increased in Western Europe, due to the relevant contribution of polyphenols from the diet [11] . Recently, Algarra et al. [12] reported in vitro antioxidant potential and polyphenol content of red carrots in Spain. The extracts contained between 1.9 and 4.9 g/kg of polyphenols, equivalent to the content found in grape juice, being the antioxidant activity of purple carrot higher than yellow carrot.
To the best of our knowledge, the nutraceutical potential of purple carrot is not yet fully established. In vitro studies have demonstrated the ability of purple carrot extract to inhibit the proliferation of some tumor cell lines, as well as to promote antioxidant activity [13, 14] . In 2010, Poudyal et al. [15] were pioneers in testing purple carrot juice for preventing cardiovascular diseases. The authors verified that purple carrot juice improved some biochemical parameters, such as dyslipidemia, glucose tolerance, hypertension, among others, after induction of metabolic syndrome in rats. The effects were attributed to phenolic compounds, since rats treated with β-carotene did not have the same biological effects in the same experimental design [15] .
As a result and because of the lack of scientific evidence, the aim of this study was to evaluate the chemopreventive potential of purple carrot extract following rat tongue carcinogenesis induced by 4NQO. For this purpose, histopathological analysis, proliferative status, antioxidant activity and inflammatory status were investigated in this setting.
Materials and methods

Animals and experimental design
All experimental protocols involving animals were made in accordance with that described in the Guiding Principles for the Use of Laboratory Animals. The study was approved by the Animal Committee of Federal University of São Paulo, UNIFESP (number 1969230415). Male Wistar rats (8-weekold, weighing approximately ~ 250 g) were obtained from Development Center of Experimental Models for Medicine and Biology (CEDEME), Federal University of São Paulo, SP, Brazil. They were maintained under controlled conditions of temperature (24 ± 2 °C), light-dark periods of 12 h.
A total of 20 male rats were distributed into four groups as follows (n = 5 per group): Group 1 (CTRL)-free access to water and commercial diet (Nuvital™, PR, Brazil) for 12 weeks; Group 2 (4NQO CTRL)-received 4NQO at 50 ppm dose in drinking water daily and commercial diet (Nuvital™, PR, Brazil) for 12 weeks; Group 3 (Carrot CTRL)-free access to water and received diet supplemented with purple carrot extract (0.1 g/kg) (Christian Hansen™, SP, Brazil) for 12 weeks; Group 4 (4NQO + carrot)-received 4NQO at 50 ppm dose in drinking water daily and diet supplemented with purple carrot extract (0.1 g/kg) (Christian Hansen™, SP, Brazil) for 12 weeks.
The experimental period was established in order to evaluate the putative nutraceutical effects of purple carrot extract during experimental carcinogenesis as described elsewhere [16] [17] [18] . The daily dose was calculated to provide the equivalent to humans, i.e., 2 g polyphenols/day, taking into consideration the rat metabolism (twice faster than humans). This amount was reported by the American Dietetic Association (ADA) as sufficient to promote beneficial health effects [19] . This value corresponds to 400 mg/L of purple carrot extract [19] . All animals were checked daily for behavior and general health conditions. Body mass was recorded weekly. At the end of the experimental period (12 weeks), all animals were anesthetized with inhalational anesthetic halothane (Tanohalo™, Cristália™, Brazil) and euthanatized for tissue collection.
Chemical analysis
Sample preparation
The purple carrot extract (5 mg, Christian Hansen™, SP, Brazil) was dissolved in methanol 10 mL (LC-MS grade, Sigma-Aldrich™, Taufkirchen, Germany), and the mixture was centrifuged for 5 min at 3000×g. The supernatant was filtered through a nylon membrane disk 22.25 mm diameter, 0.22 μm pore size (Flow Supply™, Cotia, SP, Brazil).
Characterization of purple carrot extract by electrospray ionization mass spectrometry (ESI-MSn)
ESI-MSn data were collected in the negative and positive ion modes with a Fleet LCQ Plus ion-trap instrument from Thermo Scientific (ThermoScientific™, Bremen, Germany). The capillary voltage was set at − 20 kV, the spray voltage at − 5 kV and the tube lens offset at 100 V, sheath gas (nitrogen) flow rate at 80 (arbitrary units) and auxiliary gas flow rate at 5 (arbitrary units). Data were acquired in MS1 and MSn scanning modes. The diluted solution was then directly infused into the ESI source at a flow rate of 10 mL/min via a microsyringe pump. The mass analyzer was set to scan along a m/z range of 100-2000. ESI-MS/MS experiments were carried out by selection of a specific ion by Q1 and then submitting this to collision-induced dissociation with Ar in a collision chamber. The capillary temperature was 275 °C. Xcalibur 2.2 Software (ThermoScientific™, Bremen, Germany) was used for data analysis. The degree of confidence for this method is 99%. Comparison of the observed MS1 and MSn spectra with those found in the literature was the main tool for identification of polyphenols.
Determination of total polyphenols
Total polyphenol contents were determined according to the method described by Singleton [20] and Ghasemzadeh et al. [21] with some modifications. The Folin-Ciocalteu reagent (10 mL) and the sample (10 mL MeOH = [100 μg/mL]) were mixed, and the reaction stopped after exactly 3 min. Then, Na 2 CO 3 (5 mL = [50 μg/mL]) was added, and the solution homogenized and placed in the dark for 120 min at room temperature in 96-well plates. Absorbance was measured at 750 nm (in triplicate) using a UV-Vis spectrophotometer (BioTek model Epoch). A standard curve was created using gallic acid (Sigma-Aldrich Chemical Co., St. Louis, MO) as the standard substance with a concentration range of 6.25-200.0 μg/mL. Results were expressed in mg of gallic acid equivalent per mL of sample (mg GAE/mL).
Histopathological analysis
After completing the experimental period, the tongues were longitudinally bisected for histopathological examination. The tissues were fixed in 10% buffered formalin (Merck™, Darmstadt, Germany), embedded in paraffin blocks and stained with hematoxylin and eosin (H.E., Merck™, Darmstadt, Germany). Histopathological analyses of the tongue sections were evaluated by light microscopy. The presence of hyperplasia, dysplasia and carcinoma per animal was observed.
Immunohistochemistry
Tongue sections of 4 µm were deparaffinized in xylene and rehydrated in graded ethanol (99.5%) and pre-treated in a microwave with 10 mM citric acid buffer (pH 6, 0.1 M citric acid-Synth™, São Paulo, Brazil; 0.1 M sodium citrateSynth™, São Paulo, Brazil) for three cycles of 5 min each for antigen retrieval. They were pre-incubated with 0.3% hydrogen peroxide (Synth™, São Paulo, Brazil) for inactivation of endogenous peroxidase and then blocked with 5% normal goat serum for 30 min. The specimens were then incubated with anti-8-hydroxy-20-deoxyguanosine (8-OHdG, Santa Cruz Biotechnologies Inc™, MO, USA) at 1:100 dilution or anti-ki-67 (Biocare™, Concord, CA, USA) at 1:150 dilution, at 4 °C, overnight. This was followed by two washes in PBS and further incubation with a biotinylated secondary antibody (Biocare™, Concord, CA, USA), diluted 1:100 in PBS for 1 h. The sections were washed twice with PBS followed by the application of preformed avidin-biotin complex (Biocare™, Concord, CA, USA) for 1 h. The bound complexes were visualized by the application of a 0.05% solution of DAB (3,3-diaminobenzidine; Sigma™, St. Louis, MO, USA). The specimens incubated with 8-OHdG were counterstained with hematoxylin (Sigma™, St. Louis, MO, USA), and those specimens incubated with ki-67 were counterstained with fast green (Merck™, Darmstadt, Germany). Sections stained using immunohistochemistry were analyzed for the percentages of immunopositive cells in control (normal tissue) and "hot-spot" areas, i.e., hyperplasia, dysplasia and carcinoma. For this purpose, multiple representative fields in posterior region of tongue (four to six) from each slide were counted at 400× magnification. These values were used as labeling indices.
Micronucleus test
The micronucleus test was performed in bone marrow, according to Ribeiro et al. [22] . For this purpose, femoral bones were collected and stored in sodium chloride 0.9%. The proximal epiphyses of the bones were removed and 1 mL of fetal bovine serum (FBS; Cultilab™, Campinas, São Paulo, Brazil) was injected into the medullar canal and a smear on glass slides was performed with the suspension formed by the bone marrow and fetal bone serum. After drying the slides, they were stained with Giemsa (Merck™, Darmstadt, Germany). One thousand polychromatic erythrocytes cells were analyzed per animal. Slides were scored blindly using a light microscope with a 100x immersion objective.
Western blotting analysis
Tongues were homogenized in lyses buffer containing 100 mM Tris-HCl (pH 7.5), 1% Triton X-100, 10% sodium dodecyl sulfate (SDS), 10 mM EDTA, 100 mM sodium fluoride, 10 mM sodium pyrophosphate, 10 mM sodium orthovanadate, 2.0 mM phenylmethylsulfonyl fluoride (PMSF) and 0.1 mg aprotinin from bovine lung/mL. The sample homogenate was centrifuged at 20,800×g for 40 min at 4 °C, and the supernatant was collected. The total protein concentration was measured with Bradford Reagent (LGC Laboratories, Inc).
Protein samples were electrophoretically separated in 10% SDS-polyacrylamide gel and transferred to nitrocellulose membrane. The 1% bovine serum albumin solution was used to block the membranes overnight at room temperature. The membranes were incubated overnight with the following primary antibodies: pNFκBp50 (sc-101744) purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The MyD88 (ab2064), TRAF6 (ab33915) and GADPH (ab128915) antibodies were obtained from Abcam (Cambridge, UK). Membranes were incubated with horseradish-peroxidase-conjugated secondary antibodies for 1 h at room temperature.
The bands were visualized with enhanced chemiluminescence scanned at UVITec (Cambridge, UK) after adding the ECL reagent (Bio-Rad Laboratories, Inc). The intensities of each band sample were quantified by ImageJ software (ImageJ, National Institute of Health, Maryland, USA). While performing calculations of each band obtained for analysis of proteins of interest for this study were normalized using β-actin levels of the respective membrane.
Real-time PCR
Tongue tissue was homogenized using cold Trizol Reagent (Invitrogen™, Carlsbad, CA, USA) according to the manufacturer's instructions. Total RNA isolated was determined using a NanoDrop spectrophotometer (ThermoScientific™, Madison, WI, USA). The samples were treated with DNAse (Invitrogen™, Carlsbad, CA, USA), and then, cDNA synthesis was performed using reverse transcriptase (Invitrogen™, Carlsbad, CA, USA). Real-time PCR was performed in 7500 Fast Real-Time PCR System (Applied Biosystems™, Foster City, CA, USA) using the SYBR Green Kit (Applied Biosystems™, Foster City, CA, USA). The primers sequence is listed in Table 1 .
PCRs were performed in triplicate samples and submitted to 40 cycles of 95 °C for 10 min, 95 °C for 15 s and 60 °C for 1 min. An amplification efficiency curve using different cDNA dilutions was also performed for each gene tested. To normalize the data for the control and experimental groups, arbitrary units were calculated as: arbitrary unit = 2 −ΔΔC T , and ΔΔC T = sample ΔC T − control ΔC T , where C T is the threshold cycle.
Statistical analysis
All the data were expressed as mean ± standard deviation (SD). Kruskal-Wallis nonparametric test followed by Dunn's posttest was applied to histopathological analysis, western blotting and micronucleus test. One-way analysis of variance (one-way ANOVA) followed by Tukey's multiple comparison post hoc test was used to immunohistochemistry and real-time PCR. The statistical analysis was performed using GraphPad Prism™ 6.0 program. p < 0.05 was considered to be significant.
Results
Chemical analysis
Total polyphenols content showed a concentration of 330.6 ± 2.9 mg GAE/mL of purple carrot extract. The fingerprint of purple carrot extract (Christian Hansen™, SP, Brazil) was analyzed by ESI-MS in the negative and positive ion modes in order to identify what polyphenols are present in the sample (Figs. 1 and 2) . A total of 12 constituents were identified with collision energy ramp from 25 to 30% and comparisons with fragmentation profiles (Table 2) . Several polyphenolic compounds were identified such as ascorbic acid, citric acid, catechin, peonidin, caffeoylquinic acid, caffeoyl N-tryptophan, procyanidin dimer type B, peonidin 3-xylosylgalactoside, peonidin 3-xylosylglucosylgalactoside, cyanidin-3-(2″xylopiranose-6″-6‴-feruloylglucopyranose)-galactopyranose, peonidin 3-caffeoyl-p-hydroxybenzoyl-sophoroside-5-glucoside and cyanidin 3′-(6″,6″-dicaffeoylsophoroside)-5-glucoside. 
Clinical findings
Neither complications nor behavioral changes were observed during the experimental design. No statistically significant differences (p > 0.05) were observed in final body weight and weight gain for all groups evaluated. No animals died during the experiment. Such findings are shown in Table 3 .
Histopathological analysis
Neither histopathological changes were observed in oral epithelial cells in the control group (G1) nor in the group treated with purple carrot extract only (G3) (Fig. 3a) . The carcinogen 4NQO was effective for inducing oral lesions in the cancer group. The lesions were microscopically diagnosed as dysplasia and squamous cell carcinoma (Fig. 3b, c) . In this group, a total of two specimens had dysplasia and three animals presented squamous cell carcinoma. A decrease in the total number of oral lesions was observed in the group treated with purple carrot extract following oral carcinogenesis (G4) when compared with Group 2. Such lesions were diagnosed as dysplasia (three animals) and hyperplasia (two animals). The numerical data are demonstrated in Table 4 .
Immunohistochemistry
8-OHdG immunoexpression was detected in the nucleus or cytoplasm of rat tongue mucosa. Weak immunoreactivity for 8-OHdG was detected in the negative control group (G1) (Fig. 4a) . The immunoreactivity was restricted to some cells of superficial layer of oral epithelium. The immunoexpression of this immunomarker was considered negative for this group. In the group exposed to 4NQO, most of tongue cells were positive for 8-OHdG expression (Fig. 4b) . The immunoexpression was observed to all layers of oral epithelium indistinctly. Purple carrot extract was able to reduce the 8-OHdG immunoexpression when compared to 4NQO group (G2), being statistically significant differences (p < 0.05) between groups (Fig. 4c, d ). The numerical results can be better visualized in Fig. 5 . Ki-67 immunoexpression was detected in the nucleus of oral mucosa cells. In the CTRL group, ki-67 immunoexpression was detected in the basal layer of oral mucosa (Fig. 6a) . The groups exposed to 4NQO revealed increased Ki-67 immunoexpression when compared to the CTRL group (Fig. 6b, c) . Diet supplementation with purple carrot extract decreased ki-67 immunoexpression when compared to 4NQO CTRL group (G2). Numerical results are demonstrated in Table 5 .
Micronucleus test
Micronucleus test was performed in bone marrow to evaluate a possible antimutagenic effect of purple carrot extract following experimental oral carcinogenesis induced by to 4NQO. In this assay, 4NQO was mutagenic in bone marrow cells as depicted by high number of micronucleated cells in this group. The number of micronuclei in animals exposed to 4NQO and treated with purple carrot extract (G4) was decreased when compared with 4NQO group (G2) (Fig. 7b) . Such data showed statistically significant differences between groups (p < 0.05). These data are summarized in Fig. 7 . Control group (G1) and purple carrot extract group (G3) do not induce micronuclei significantly being the results similar to that found in CTRL (control) (Fig. 7a) .
Western blotting
In this study, it was observed that protein expression of pNFκBp50 in rat tongue cells of control and 4NQO groups was increased when compared to the groups treated with purple carrot extract. Statistically significant differences (p < 0.05) were noticed to the purple carrot groups and respective controls. It seems that purple carrot extract promotes downregulation of this inflammatory marker in tongue cells of rats. The same results were obtained to MyD88, since statistically significant differences (p < 0.05) were noticed to the rats treated with purple carrot extract when compared to controls (negative control and 4NQO groups). TRAF 6 did not show statistically significant differences (p > 0.05) among groups. Such findings are summarized in Fig. 8 .
Real-time PCR
The antioxidant enzymes manganese superoxide dismutase (CuZn-SOD) and copper-zinc superoxide dismutase (Mn-SOD) were analyzed by real-time polymerase chain reaction (qPCR). Mn-SOD nRNA levels increased after treatment with purple carrot extract for both groups associated with induction of oral cancer (G3 and G4) (Fig. 9a) . However, the treatment with purple carrot extract decreases CuZn-SOD mRNA levels in oral mucosa cells, being statistically significant differences (p < 0.05) when compared to control group (Fig. 9 ). Other groups (cancer or cancer and treated with purple carrot extract) did not show any differences when compared to respective controls. Such findings are detailed in Fig. 9b . When caspase 3 was evaluated in this setting, interesting findings were obtained to the pro-apoptotic marker. When animals were exposed to 4NQO, mRNA caspase 3 level decreased when compared to control group. No remarkable differences were noticed to groups treated with purple carrot extract with or without concomitant 4NQO exposure. Such findings are shown in Fig. 10 .
Discussion
The protective effect of food rich in antioxidants using oral carcinogenesis model is described by several studies. To date, vitamin C is the antioxidant agent most investigated, followed by grape extract and garlic [23, 24] . In general, polyphenols have multifunctional benefits to human health [25] . It has been suggested that about 7-31% of all cancer worldwide could be reduced by diets containing high amounts of fruits and vegetables [26] . According to Ding et al. [27] , the consumption of polyphenols may modulate several biological events closely associated with the development of oral cancer.
Previous studies conducted by our research group have demonstrated nutraceutic activity of purple carrot extract for preventing tissue degeneration, genotoxicity and oxidative stress induced by cadmium exposure in multiple organs of Wistar rats [9] . In view of these promising results, the aim of this study was to evaluate the protective effects of purple carrot extract following rat tongue carcinogenesis induced by 4NQO. For this purpose, histopathological analysis, cell proliferation, apoptosis and oxidative stress and inflammatory status were used in this study.
Regarding clinical findings, no statistically significant differences were noticed to water and food consumption as well as weight gain after conducting the experimental design. These data show that neither purple carrot extract consumption nor 4NQO exposure changed the rat basal metabolism. Poudyal et al. [16] have showed that the ingestion of purple carrot juice reduced abdominal fat deposition improving glucose tolerance and lipid status after 8 weeks of supplementation in rats suffering metabolic syndrome. Purple carrot was also described as a new strategy to ameliorate cholesterol levels [28] . It has been described that purple carrot extract contains more than 40 phenolic acids; being anthocyanidins and chlorogenic acid as the major antioxidant compounds [29] . In this study, a chemical characterization of purple carrot extract was conducted in order to detect the main bioactive compounds. The following bioactive substances of biological interest was found by ESI-MSn: ascorbic acid, citric acid, catechin, peonidin, caffeoylquinic acid, caffeoyl N-tryptophan, procyanidin dimer type B, peonidin 3-xylosylgalactoside, peonidin 3-xylosylglucosylgalactoside, cyanidin-3-(2″xylopiranose-6″-6‴-feruloylglucopyranose)-galactopyranose, peonidin 3-caffeoyl-p-hydroxybenzoyl-sophoroside-5-glucoside and cyanidin 3′-(6″,6″-dicaffeoylsophoroside)-5-glucoside. Similar studies also identified these compounds in purple carrot extracts [30, 31] . Such bioactive substances are known to be effective in chemopreventive studies, such as catechin, peonidin, caffeine and cyanidin. In fact, the scientific literature shows that purple carrot is a great source of cyanidin derivatives with substitution patterns for acylated or non-acylated complex sugars [32] . Acylated compounds display higher antioxidant activity than non-acylated forms [33] . As a result of its composition, the biological activity of purple carrot extract is in the position of the glycosylation, since 3,5-glycosylation pattern in anthocyanidins suggests a lower biological activity when compared to glycosylation in position [34] .
Cell cycle control is essential for cell function as far as tissue homeostasis in living organisms. This process is essential for preventing oral carcinogenesis. Ki-67 expression is directly correlated with lower differentiation of tumors, suggesting that the biomarker could contribute to the understanding of the biological behavior of cancer process and prognosis [35] . Previous study conducted by our research group has demonstrated the ability of antioxidant compounds in modulating the experimental oral carcinogenesis by blocking the proliferative activity of tongue epithelium cells induced by grape juice concentrate [17] . Other authors have revealed that Chinese herbal mixture (antitumor B) is relevant for inhibiting the proliferation of epithelial cells in rat oral pre-neoplastic lesions, such as hyperplasia and dysplasia [28] . The influence of purple carrot extract on proliferative activity of neoplastic cells was also described in vitro study conducted by Netzel et al. [13] . The authors reported the ability of the extract to inhibit the proliferation of colorectal adenocarcinoma (HT-29) and promyelocytic leukemia (HL-60) cells by MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]. Our results demonstrated that purple carrot extract decreases Ki-67 immunoexpression following tongue carcinogenesis induced by 4NQO in rats treated with purple carrot extract. Taken as a whole, we assumed that purple carrot extract modulates the proliferative activity of initiated cells during oral cancer development in the promotion phase of chemical carcinogenesis.
Dietary antioxidant phytochemicals protect cells from genotoxic agents by decreasing DNA damage, reducing risk of mutation in the initiation phase of carcinogenesis [36] . DNA damage can be measured by a variety of analytical techniques [37] . Oxidative DNA damage promoted by reactive oxygen species can be evaluated by micronucleus test as well as by immunohistochemistry analysis using 8-OHdG, a promising biomarker of oxidative DNA damage [38, 39] . Micronucleus is a consequence of chromosome breakage or loss during mitosis induced by aneugenic or clastogenic agents [40] . The incidence of micronucleus is an indicator for genetic instability, a contributing factor for carcinogenesis [41] . In the present work, the incidence of micronucleated cells in bone narrow cells decreased in the group that received purple carrot when compared to 4NQO group. Such results are in agreement with others [42] [43] [44] .
8-OHdG is induced by guanine oxidation due to the interaction of oxygen-free radicals with nucleobases of the DNA strand; this product is pro-mutagenic and a potential marker of carcinogenesis [45] . Several studies demonstrated that 8-OHdG level is increased in various human cancers and in animal experimental models [46, 47] . In this study, a significant number of 8-OHdG-positive cells were noticed to Fig. 9 Real-time PCR from SOD-Mn and SOD-CuZn following rat tongue carcinogenesis induced by 4NQO and treated with purple carrot extract. *p < 0.05 when compared to CTRL (control group). **p < 0.05 when compared to 4NQO CTRL Fig. 10 Real-time PCR from caspase 3 following rat tongue carcinogenesis induced by 4NQO and treated with purple carrot extract. *p < 0.05 when compared to CTRL (control group). **p < 0.05 when compared to 4NQO CTRL animals treated with purple carrot extract following experimental oral carcinogenesis. Devi et al. [48] reported that anthocyanins act as an antioxidant agent reducing free radicals and preventing oxidative damage to DNA from hydroxyl radical. Cho et al. [49] found that the antioxidant effects of anthocyanins include enhancing antioxidant enzyme activity and increasing mRNA expression of these enzymes. Moreover, other phenolic compounds present in purple carrot extract were reported as protective agents against oxidative stress in rats [50, 51] .
Oxidative damage can be prevented by inducing different antioxidant responses and re-establishing or maintaining redox homeostasis [52] . Redox homeostasis is a complex endogenous antioxidant defense system, comprised by endogenous antioxidant enzymes, such as superoxide dismutase, catalase, glutathione peroxidase and non-enzymatic compounds like glutathione, proteins and others [53] . The overproduction of ROS metabolites during oxidative stress can inhibit the activity of antioxidant enzymes, such as SOD-Mn and SOD-CuZn [54] . Since antioxidant agents can protect cells from the harmful effects promoted by reactive oxygen species, they have been extensively investigated [55] . In the present study, it was observed that purple carrot extract increased the expression of SOD-Mn mRNA levels in both groups that received diet associated with the purple carrot extract. These data were consistent with as previously reported in cadmium intoxication model in Wistar rats [9] . By comparison, some studies evaluated the extract of a medicinal herb from India called Melastoma Malabathricum Linn (MM) carcinogenesis model and luteolin (LUT) a natural polyphenolic flavone present in various fruits and vegetables using murine model of liver carcinogenesis [56] . It was reported that both MM and LUT extracts act as antioxidant agents by re-establishing the activity of the enzymes as a result of increasing the expression of SODMn. Nevertheless, antioxidants from grape juice did not alter the expression of SOD-Mn or SOD-CuZn following oral carcinogenesis induced by 4NQO [17] . Therefore, these data support the hypothesis that purple carrot extract exerts a potent antioxidant activity on oral mucosa cells following rat tongue carcinogenesis induced by 4NQO by up-regulating SOD-Mn mRNA levels.
Toll-like receptor (TLRs) are a family of type I transmembrane receptors composed by 13 types in rodents. They are present in different cellular types such as epithelial and immune cells [57] . The TLR4 signaling pathway involves phosphorylation and ubiquitination closely associated with inflammatory host response [57] . In particular, TLR4 dimerizes into two different signaling pathways after activation, one myeloid differentiation factor 88 (MyD88)-dependent pathway and one MyD88-independent pathway. In the dependent pathway, MyD88 is recruited to activate phosphorylation of interleukin receptor-associated kinases IRAK1 and IRAK4, which in turn activates the tumor necrosis-associated factor TRAF-6 adapter protein. TRAF-6 forms a complex with enzymes involved in the ubiquitination process, activating transforming growth factor beta-activated kinase 1, which then phosphorylates the inhibitor kinase complex IKKβ, triggering the decoupling of NFκB in NFκBp50 and NFκBp65 dimers through degradation of its inhibitory protein IκB [57] . Therefore, NFκB translocates into the nucleus and controls the expression of an array of inflammatory cytokine genes [58] . Our results demonstrated that purple carrot extract decreased the expression of NFκBp50 and MyD88 in rats during the development of oral cancer. Purple carrot extract per se also decreased the expression levels of these proteins. Such findings are completely new and therefore difficult to discuss. Independently of this scenario, purple carrot extract exerts an anti-inflammatory potential as a result of down-regulating NFκBp50 and MyD88 proteins expression. This led to us to conclude that the chemopreventive activity of purple carrot extract is due to the anti-inflammatory potential through modulating Toll-like signaling pathway. However, this is an area that warrants further investigation since the approach has not been addressed so far.
Reduced expression of pro-apoptotic caspases has been reported in a variety of cancers [59] . Heshiki et al. [60] reported the intense expression of cleaved caspase-3 in tumor tissue samples from patients with squamous cell carcinoma of the head and neck using immunohistochemistry. In this work, we showed that 4NQO reduced the caspase-3 levels, and purple carrot extract was not able to alter the expression of this apoptotic biomarker. It seems that the chemopreventive action exerted by purple carrot extract is not linked to the mechanisms of cellular death, such as apoptosis. Further studies are welcomed to elucidate the issue.
In conclusion, our results demonstrated that purple carrot extract was able to protect oral carcinogenicity lesions induced by 4NQO in Wistar rats as a result of antioxidant activity, anti-inflammatory potential and antiproliferative and antimutagenic actions in Wistar rats.
